the middle of these lakes, presents many interesting phenomena due to the stratified condition of the deeper seawater layer covered by less saline water. Comparison with the adjacent two lakes (Namakoike, Kazakiike) suggests that the stratified condition of Lake Kaiike appears only during a limited period of its transition from a freely connected state with the sea to a poorly communicated state with the sea.
Lake Kaiike, a small coastal lake on the north shore of Kamikoshiki Island, presents various phenomena of limnological importance, which are rarely encountered in ordinary lakes. Some investigations have been conducted on this lake (KOBE MARINE OBSERVATORY, 1935 , 1941 YASUI and SHINODA, 1939; HIDAKA et al., 1939; ARA-MAKI et al., 1976; MATSUYAMA, 1977 MATSUYAMA, , 1978 MATSUYAMA, , 1979 MATSUYAMA, , 1980 MATSUYAMA and SHIROUZU, 1978) . Seawater occupies the deeper layer and less saline water covers it. The lower part of the seawater layer always contains an appreciable amount of H2S, and photosynthetic sulfur bacteria populate the upper margin of H2S water so densely that the water turns purplish red. They play an important role in the whole organic matter production in the lake (MATSUYAMA and SHIROUZU, 1978) . A considerable number of zooplankton swarm just above the bacterial layer, probably to feed on the bacteria. During spring and autumn an unusually high temperature and frequently a remarkable accumulation of dissolved O2 are observed at a subsurface depth. All these characteristic features seem to result directly or indirectly from the stratified condition of the lake.
The purpose of the present study is to give an outline of Lake Kaiike and adjacent two lakes (Namakoike and Kazakiike) and to consider the stratified condition of Lake Kaiike in relation to the adjacent two lakes.
All these lakes ( Fig. 1 ) are cut off from the sea by a long gravel bar (Nagamehama) of about 3.5 km long, 50 m wide, and 2-5 m high (ARAMAKI et al., 1976) . The source of the gravel is supposedly the erosion of sea cliffs which extend from the north end of Lake Namakoike; they have been carried by longshore current to form a submarine spit about 5,000 years ago when the sea level was at least 5 m higher than at present (ARAMAKI et al., 1976) . Finally, the spit intersected the indentations of the shore line. As the sea level fell to the present one, the gravel bar appeared above the sea and these lakes were formed. At present, the leeward half of the gravel bar which faces the lake is overgrown with scrub as Quercus phylliraeoides of about 4 m high (TAGAWA, 1971 ) except in some parts of Lake Namakoike, where the vegetation and surface soil have been eroded away by surf washing over the bar during a rare typhoon. The lakes receive little inflow of freshwater except for rainwater runoff and they have no surface outlet across the bars. Thus, water flows out to infiltrate the gravel bar. (Lake Kaiike, however, drains into Lake Namakoike through a small conduit at the northeast corner.)
Seawater also enters the lakes and infiltrates the gravel bar in response to the tidal rise of the sea level. But there is a notable difference in the influx of seawater to respective lakes. Lake Namakoike (Fig.  2) is the most marked; the lake level rises and falls as much as 20 cm following a change in the sea level, although high water occurs about 3 hr later in the lake than at sea (ARAMAKI et al., 1976; MATSU-YAMA, 1977) . The landward coastline is rugged, and the slope of the basin both above and below water level is steep. The formation of the beach is limited. Hence, the lake seems to have retained to a larger degree the topography at its time of origin. The littoral zone is mainly composed of gravel and pebble as far as known from visual inspection from the surface. Sedimentation of fine mud is restricted to the profundal part (ARAMAKI et al., 1976) . The shore terrace is unvegetated, probably due to a large change in water line by the tides.
Intrusion of seawater into Lake Kaiike (Fig. 2) is slight as compared with Lake Namakoike; the fluctuation in the lake level Lake Kazakiike (Fig. 2) is surrounded by mountains ranging between 80-300 m high. Only the northeast side faces the sea. The lake has the largest catch area among these lakes, and a relatively large fluvial area in its innermost part is cultivated as mulberry fields. The littoral zone is dominated by submerged plants, and the sublittoral area including that of the gravel bar is vegetated by plants such as Cyperaceae and Gramineae. Infiltration of seawater into the lake seems limited and, as mentioned later, the water is only slightly saline. Thus, it is uncertain whether seawater reaches the lake by actually infiltrating the gravel bar such as that of Lake Namakoike or by washing over the bar during rare stormy weather. It is said that when it rains heavily, the lake is flooded and water washes over the bar. This suggests that the drainage of lake water through the bar is also limited.
On the southeast side of the lake, a swamp called Suguchiike (Fig. 2) is present. The basin is also cut off from the sea by the gravel bar. The shallow basin is softly sedimentated, and its broad fluvial shore is dominated by emergent plants. Seawater enters the basin through an artificial ditch in the bar. On the east coast of the northern part of Shimokoshiki Island a swamp is present ("Nakayama Swamp" in Figs. 1  and 2 ). The swamp is between two cliffs and cut off from the sea by a gravel bar. The swamp's surface is only covered by clumps of living and dead emergent plants, so it is not firm enough to be traversed on foot. A small pool of standing water is left in the central part. Swamps of this sort, entirely filled up basins, or lakes artificially connected to the sea (Tairaike, Komutaike), are encountered along different shore lines of the Koshiki Islands. Table 1 summarizes the data of chlorinity, temperature and dissolved 02 in the three lakes and the Nakayama Swamp. Although they were obtained at different periods, the data are not markedly different from those previously reported (KOBE MARINE OBSERV-ATORY, 1935 ; ARAMAKI et al., 1976 ; MATSUYAMA, 1977 MATSUYAMA, , 1978 MATSUYAMA, , 1979 . Therefore, one may deduce a general trend from them.
In Lake Namakoike both temperature and dissolved 02 decreased with depth, but chlorinity exhibited only a slight increase with depth.
H2S was restricted to the bottom water, so the lake seems to be vertically mixed to some extent. A significant exchange of water with the sea through the gravel bar is one of the factors preventing the lake from becoming stratified like Lake Kaiike. A small influx of freshwater to the lake relative to the surface area and wind may also be factors. The wind seems to blow hardest over Lake Namakoike, because it is long and oriented almost parallel to the sea. Contrary to the present data, an H2S concentration of as much as 37 mg S/l was observed in the bottom water of 20 m by the KOBE MARINE OBSERVATORY (1935) . It is therefore probable that if the bottom layer is stabilized for some period, it will rapidly change into a reducing condition to accumulate H2S.
Chlorinity of the water was low in Lake Kazakiike, and there is no indication of a stratified condition. This is probably due to a lesser influx of seawater and to the shallow basin ; most of the lake water seems to be within the range of windinduced mixing. Chlorinity of the water in the Nakayama Swamp was extremely low, and this indicates that the swamp has no significant connection with the sea. On the next shore immediately north of the swamp, a similar basin is noted ("Teraka Swamp" in Fig. 1) . Chlorinity of the water was as low as 0.10
As suggested from the maximum depth, configuration of the bottom, and complexity of the shore line of these basins, the shallowing of these lakes by terrestrial and lacustrine materials is assumed to proceed in increasing order as follows: Namakoike, Kaiike and Kazakiike (swamps such as Suguchiike and the Nakayama Swamp may be supposed to be at the more advanced stage of this shallowing process). Moreover, the main factor determining the difference in influx of seawater into these basins through the gravel bar is assumed to be this filling up of the basin, so the stratified condition of Lake Kaiike and related characteristic phenomena are all supposed 
